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Introduction. Hospital infections, or “healthcare associated 
infections” (HAI) represent the most common and serious com-
plications of healthcare. Adoption of safe care practices able to 
prevent or control the transmission of infections, both in hospitals 
and in other healthcare settings is crucial. The aim of the study is 
to assess the awareness about the risk factors and the most effec-
tive measures of prevention of HAI in the University of Ferrara 
nursing school students, giving particular attention to the hand 
hygiene practices and the use of standard precautions. 
Methods. 339 students attending all the three years of course 
of the same academic year were enrolled. An anonymous ques-
tionnaire was administered in order to investigate the knowledge 
about three specific areas: infections associated with healthcare 
practices (HAI), standard precautions (SP) and hand hygiene 
(HH). 
Results. A sufficient level of knowledge by all the three groups 
of students was observed only in the SP area. A barely sufficient 
score was reached only by the third year students with regard to 
the proper HH. The level of knowledge about HAI was inadequate. 
Conclusions. A periodically check of nursing students’ knowledge 
would be advisable in order to fill any gaps, improve training, 
reduce HAI and increase prevention measures compliance.
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Summary
Introduction
Healthcare associated infections (HAI) also referred to as 
“nosocomial” or “hospital” infections represent the most 
frequent and serious complications of healthcare [1, 2].
They are defined as infections, occurring in a patient 48 
hours or more after admission to a hospital, that was not 
present or incubating at the time of admission. The in-
fection can be acquired during the process of care in a 
hospital or other healthcare facility (primary care, nurs-
ing home care and outpatient services) [1]. 
HAI affect primarily patients and, less often, hospital 
staff, students and trainees [3]. Nurses and students that 
perform invasive procedures are particularly at risk. An 
Italian survey [4] showed a lower percentage of occu-
pational injuries with biological risk in nursing students 
than in nurses (18.82% versus 81.18% respectively), that 
could be related to suitable and recent university training 
and proper use of personal protective equipment.
Around the 80% of HAI involves four main areas: the 
urinary tract (accounting for 35-40% of all HAI), surgi-
cal wounds, the respiratory system and systemic infec-
tions (sepsis, bacteremia) [3]. However, in the last fifteen 
years, a rising number of cases of bacteremia and pneu-
monia were observed and this can be the consequence 
of a progressive increase in specific risk factors, in par-
ticular, the frequent and or inappropriate use of antibiot-
ics and vascular catheterizations. In 2011-2012, 29 EU 
member states and Croatia participated in a prevalence 
study on HAI and the use of antibiotics in acute care hos-
pitals, coordinated by the European Centre for Disease 
Prevention and Control (ECDC) [5]. The prevalence of 
HAI varied from 4.8% in first-level hospitals to 7.2% 
in those of the third level. The patients of intensive care 
units were more affected, 19.5% of them having at least 
one infection than an average value of 5.2% of other 
clinical units.
The most frequently isolated microorganisms were Es-
cherichia coli (15.9%), Staphylococcus aureus (12.3%), 
Enterococcus spp (9.6%) and Pseudomonas aeruginosa 
(8.9%). A considerable antibiotic resistance was observed. 
The HAI prevalence in Italy (6.6%) was similar to the Eu-
ropean average (6.0%, with values ranging from 2.3% to 
10.8% in the different countries), while the incidence of 
some infections (for example, the infections related with 
vascular catheterizations) was higher than in other Eu-
ropean countries. However, in Italy, the problem is even 
more dramatic because of the spread of multidrug resist-
ant microorganisms [5]. According to a recent Italian sur-
vey on HAI [6], Escherichia coli was the most common 
pathogen isolated in microbiological samples, followed 
by Klebsiella pneumoniae and Enterococcus faecalis. 
The World Health Organization (WHO) [7, 8] indicated 
some key factors for the management and control of HAI: 
the improvement of reporting and surveillance systems 
both at national and local level as part of a prevention 
program; the implementation of preventive measures, 
particularly adequate hand hygiene practices, principally 
at the bedside and during invasive procedures; the pro-
motion of healthcare workers training and responsibility.
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Hand hygiene is a critical issue in HAI prevention. This 
preventive procedure is strongly recommended by WHO 
that recently promoted a worldwide campaign in order 
to encourage hand washing [9]. Nonetheless the use of 
alcohol-based products for hand hygiene should be fur-
ther promoted: a study on 49 Italian hospitals showed a 
consumption lower than 10 litres per 1,000 days of hos-
pitalization (the lowest category in Europe), against an 
European average of 18.7 litres/1,000 with peaks of 40 
in the Scandinavian countries [5].
Major consequences of HAI are the delay of patients’ 
recovery, extended hospitalization and the need of sub-
sequent outpatient controls (e.g. for surgical wound in-
fections). According to the Centre for Disease Control 
(CDC) [10], the hospitalization is prolonged up to 4 days 
for urinary tract infection, up to 3 weeks for sepsis and 
up to a month for pneumonia.
In addition, HAI represent a cost, not only a finan-
cial burden for the utilization of healthcare service 
but also for human suffering of patients, families and 
personnel. About 450,000-700,000 infections are an-
nually acquired in Italian hospitals (first of all urinary 
infections, followed by surgical wound infections, 
pneumonia and sepsis). Of these, about 30% of cases 
(135,000-210,000), and 1% of deaths (1,350-2,100 
deaths/year) are potentially preventable, respective-
ly [11].
The adoption of safe healthcare practices, able to prevent 
or control the transmission of infections both in hospi-
tals and in other healthcare setting are strongly required.
Despite new emerging microorganisms that the health-
care workers are facing (e.g., hepatitis B and C viruses, 
human immunodeficiency virus, vancomycin-resistant 
enterococci [VRE], methicillin resistant Staphylococcus 
aureus [MRSA], avian or pandemic influenza viruses), 
the standard precautions still remain essential [12] and 
the nursing staff quality of training is a key element in 
the prevention and control of HAI [13].
As the potential infectious condition of a hospitalized 
patient is unknown, nursing students, as the healthcare 
workers, are at an elevated risk of exposure to biological 
agents [14]. It is therefore particularly important that not 
only the professionals but also the students early acquire 
knowledge of the possible risks of infection connected to 
healthcare and acquire skills regarding the use of main 
preventive measures.
The aim of the study was to assess the knowledge about 
the risk and the most effective measures of prevention of 
HAI in students of an Italian university nursing school 
during their 3 years of course, giving particular atten-
tion to hand hygiene practices and the use of standard 
prophylactic precautions. Moreover, potential areas of 
major criticisms were explored in order to offer useful 
guidance for the improvement of the training (both theo-
retical and practical activities).
Methods
The study was carried out by first, second and third year 
nursing students of the same academic year attending 
the University of Ferrara (Italy). All students have com-
pleted at least one training course (theoretical and or 
practical) learning information about HAI. 
Preliminary information about the purpose, the protocol 
and the method of the study, including guarantee of ano-
nymity was supplied (according to Legislative Decree 
no. 196/2003 “Code concerning the protection of per-
sonal data”).
The research was carried on in accordance with the 
World Medical Association Declaration of Helsinki. It 
does not report any experiment on human or biological 
samples, nor research on identifiable human material 
and data because it is an observational survey conduct-
ed by an anonymous questionnaire among university 
students. Indeed, in order to protect the privacy of the 
subjects and confidentiality of their personal informa-
tion and to minimize the impact of the study on their 
physical, mental and social integrity (stated in the article 
n. 23 of the above mentioned Helsinki declaration) the 
research was wholly conducted anonymously; thus no 
identifiable personal data are reported. Verbal informed 
consent was obtained from all subjects. 
Characteristics of the questionnaire
An anonymous questionnaire was used in order to in-
vestigate students’ knowledge about three specific ar-
eas: Healthcare Associated Infections (HAI), Standard 
Precautions (SP) and Hand Hygiene (HH). The ques-
tionnaire was developed on the model of that used by 
Tavolacci et al., 2008 [15], with slight modification in 
order to adapt to Italian epidemiological situation. The 
first part was dedicated to the demographic aspects (age, 
gender, year of attendance), followed by a question 
concerning the correct definition of HAI. The second 
section was composed of six questions, each of which 
contains statements that require a dichotomous response 
(true, false) for a total of 25 responses. Each area had a 
maximum of 10 points for an overall score of 30, exclud-
ing the first question on HAI definition that received no 
score. In detail, HAI area consisted of a single question 
with 5 dichotomous responses (2 points per response); 
SP consisted of 3 questions each with four answers (0.83 
points per response) and HH was composed by 2 ques-
tions each with four answers (1.25 points per response). 
Acceptable score was arbitrarily set at ≥ 7, according to 
Tavolacci et al., 2008 [15]. 
Statistical analysis
The answers have been collected in a database using 
Microsoft Excel 2007. The obtained data were anal-
ysed by Statview® 5.0.1 software (Abacus Concepts, 
Berkeley, CA, USA). ANOVA was applied to reveal 
the difference in the average score of the three dif-
ferent areas, according to the year of attendance. The 
chi-square test was used to detect the differences in 
students’ knowledge according to year of attendance 
for each question. A value of p < 0.05 was considered 
statistically significant.
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Results
The study recruited 339 students attending a degree 
course in nursing (with a response rate of 51% consid-
ering the total number of students enrolled in the three 
years of course), of whom 203 (59.9%) at the first year, 
88 (25.9%) at the second year and 48 (14.2%) at the 
third year, respectively. The 64.3% of the participants 
were aged less than 22 and 74.6% were female (Table 
I). The percentage of correct answers to HAI section 
is reported in Table II. The majority of the students of 
all the three years precisely identified age and invasive 
procedure as risk factors for HAI onset (with a statisti-
cally significant difference between the years of course 
of 0.0044 and 0.0117 respectively). The awareness of 
environment as source of infection increased with the 
continuation of the training (p < 0.0001). Surprisingly 
the third year students gave the correct answer to HAI 
associated mortality to a lesser extent than the students 
of first and second year (p = 0.0130). No difference was 
found about knowledge of HAI prevalence rate.
The features regarding the adoption of standard precau-
tions and the risk of contamination with biological fluids 
(SP section) were well known by students of all three 
years of course with correct response rates very close 
or up to 100% (Table III). The indications for the use of 
Tab. I. Characteristics of the sample of the 339 nursing students.
Socio-demographic 
characteristics 
Frequency
N (%)
First year
N (%)
Second year
N (%)
Third year
N (%)
Age
< 22 years 218 (64.3) 158 (77.8) 52 (59.1) 8 (16.7)
≥ 22 years 121 (35.7) 45 (22.2) 36 (40.9) 40 (83.3)
Gender
Females 253 (74.6) 154 (75.9) 63 (71.5) 36 (75.0)
Males 86 (25.4) 49 (24.1) 25 (28.5) 12 (25.0)
Total 339 (100) 203 (59.9) 88 (25.9) 48 (14.2)
Tab. II. Percentages of correct answers to the healthcare associated infections section according to the year of course. 
HAI Section First year Second year Third year p value
The environment is the major source of 
bacteria
20.2% 39.8% 45.8% <0.0001
Advanced age or very young age increases 
the risk
70.4% 87.5% 85.4% 0.0044
Invasive procedures increase the risk 89.7% 96.6% 100% 0.0117
Nosocomial infection has a prevalence 
ranging between 5% to 10% in Italy
44.8% 47.7% 41.7% 0.7320
Nosocomial infections are responsible for 
approximately 5,000 deaths per year in Italy
50.7% 47.7% 27.1% 0.0130
Tab. III. Percentages of correct answers to the standard precautions section according to the year of course.
SP Section First year Second year Third year p value
Standard precautions 
Include recommendations to protect only the patients 93.6% 95.5% 100% 0.1790
Include recommendations to protect the patients and the healthcare 
workers
97.5% 98.9% 100% 0.4368
Apply for all the patients 95.1% 97.7% 35.4% 0.4297
Apply for only healthcare workers who have contact with body fluid 93.1% 94.3% 91.7% 0.8268
Use of gloves is recommended
For each procedure 23.2% 61.4% 50% <0.0001
When there is a risk of contact with the blood or body fluid 95.6% 95.5% 100% 0.3279
When there is a risk of a cut 82.3% 69.3% 75% 0.0527
When healthcare workers have a cutaneous lesion 94.1% 96.6% 95.8% 0.9040
When there is a risk of splashes or spray of blood and body fluids, the healthcare workers must wear
Only mask 97.5% 95.5% 100% 0.2866
Only eye protection 97.5% 95.5% 97.9% 0.6974
Only a gown 95.6% 97.7% 100% 0.2423
Mask, goggles and gown 98% 98.9% 97.9% 0.8640
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gloves have been well known without any differences 
between the students attending all years of training, ex-
cept for the recommendation on the use of gloves for 
all procedures that, although with an upward trend, was 
correctly indicated only by half of the third year students 
with a statistically significant difference between the 
three years of the course (p < 0.0001).
The recommendations for hand hygiene were correctly 
recognised by almost all the students without statistical-
ly significant difference between the years of attendance 
(Tab.  IV). Low percentages of corrected answer were 
observed for all questions regarding the use of alcohol-
based solutions. The notions about the substitution of 
traditional handwashing and that alcohol-based products 
do not require association with traditional handwashing 
increased with training progression, with a statistically 
significant difference of 0.0038 and 0.0247 respective-
ly. The availability of substitute antiseptic handwash-
ing with alcohol-based products was known by less 
than the half of students in all the three years of course 
(p = 0.0407). A very scarce knowledge about the pos-
sible substitution of surgical handwashing was observed 
with a statistically significant difference between the 
years of attendance (p < 0.0001). 
According to Tavolacci et al. [15], the total score reached 
in the different areas was calculated considering accept-
Tab. IV. Percentages of correct answers to the hand hygiene section according to the year of course.
HH Section First year Second year Third year p value
Recommendations for hand hygiene
Before or after a contact with (or care of) a patient 87.2% 85.2% 93.8% 0.3476
Before and after a contact with (or care of) a patient 99.0% 100.0% 100.0% 0.5055
Between patient contacts 96.6% 97.7% 95.8% 0.8012
After the removal of gloves 85.2% 79.5% 87.5% 0.4019
Directions for use of alcoholic solutions
instead of a traditional handwashing (30 s) 43.3% 62.5% 62.5% 0.0038
instead of a antiseptic handwashing (30 s) 49.8% 33.0% 47.9% 0.0407
instead of surgical handwashing (3 min) 30.5% 5.7% 12.5% < 0.0001
A traditional handwashing must be done before handwashing with 
alcohol-based hand rub
42.9% 39.8% 62.5% 0.0247
Tab. V. Score for each area according to year of course. 
HAI SP HH Total Score
First year 5.5 8.8 6.7 21.0
Second Year 6.4 9.1 6.3 21.8
Third year 6.0 9.2 7.0 22.2
Total 5.8 8.9 6.6 21.4
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Fig. 1. Scores obtained in the 3 investigated sections (HAI, SP, HH).
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sities and revealed better knowledge from the nursing 
school students than the medical students on the three 
examined topics and, among the same nursing school 
students, a better level of knowledge by the younger sub-
jects (< 24 years of age). This finding is opposite to our 
result that showed better scores from the students at the 
last year of course, in agreement with Cheung et al. [19] 
that revealed a better compliance towards SP within the 
students of the second and third years of the course.
Conclusions
The nursing personnel play an important role in the pre-
vention and management of HAI and the combination 
of the theoretical and practical training can improve the 
knowledge of the nurses and the quality of assistance. 
To date, literature data confirm how the awareness about 
HAI of future nursing school graduates is often already 
inadequate.
The information for the prevention of HAI should be 
reiterated to the students after the completing of each 
procedure with the aim of increasing the awareness of 
their own role in reducing HAI [20].
It would be advisable to periodically check the knowl-
edge of the students to improve training and consequent-
ly reduce HAI, giving the students more responsibility 
in the area of healthcare and increasing their compliance 
with prevention, giving more scope to on the field train-
ing through the support of a tutor demonstrating in prac-
tice what they have learned in theory.
Limits of the study
The study was carried out on students attending the les-
sons of the degree course who were administered the 
questionnaire; the difference in the numbers of the three 
years is due to that the practical training gradually in-
creases and the students attend the theoretical lessons to 
a lesser extent.
Nevertheless, the results obtained are in line with those 
reported in other studies in the literature.
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able a value greater or equal to 7 (Table V, Fig. 1). Over-
all score was sufficient for all investigated students but 
insufficient scores were achieved for HAI and HH areas. 
A satisfactory score was obtained only for SP area in 
all the years of course. The score in HAI area did not 
reach an adequate level not even at the third year, while 
knowledge about HH just reached the sufficiency at the 
last year of training. 
Discussion 
In agreement with the results obtained by Tavolacci et 
al. in 2008 [15], a sufficient level of knowledge, identi-
fied by a score ≥ 7, was reached by all three groups of 
students, only in the section regarding SP.
This finding implies a good level of preparation al-
ready from the first year of the course about this topic. 
A barely sufficient score was reached only by the third 
year students with regard to the proper HH. For all the 
other areas, the level of knowledge shown by the stu-
dents belonging to the three years was inadequate. This 
is particularly true for the section regarding the HAI. 
This outcome is once more in agreement with Tavolacci 
et al. [15], which reported lower scores concerning the 
knowledge of HAI not only by the nursing school stu-
dents, but also by the medical, physiotherapy and assis-
tant radiologist students. Also another study, conducted 
in 2014 by Mitchell et al.  [16] on nursing school stu-
dents, showed a higher level of knowledge on SP, with a 
percentage of 88.9% of correct answers.
The worst knowledge involved mainly prevalence and 
mortality associated to HAI and the role of the setting in 
their onset, while the role of age and invasive procedure 
were more recognised. More efforts should be undertaken 
to emphasize the severity of HAI so that students do not 
underestimate the burden and importance of this topic. 
An excellent level of knowledge emerges with regards 
to SP from all three years of the course; nevertheless an 
insufficient awareness of the necessity to wear gloves for 
all the patients was observed. A previous study conduct-
ed on nursing school students of the same University 
identified as main gap the belief that the SP (in particular 
the use of gloves) are necessary for a self-protection and 
not to prevent hospital infections [17].
As for the proper HH, all the students show lack of knowl-
edge mainly regarding appropriate use of alcohol-based 
solutions, particularly in substitution of traditional and 
surgical handwashing. Nonetheless, the observed differ-
ences between the students are not due to different train-
ing programs because all the students attended the same 
university and healthcare settings. The better awareness 
about standards precautions than other issues can be at-
tributed to the practical experience already started from 
the first year, while more theoretical topics, such as 
epidemiology, tend to be undersupplied. D’Alessandro 
et al.  [18] evaluated, by means of a questionnaire, the 
knowledge of both nursing and medical students in the 
same areas. This study involved 607 medical students 
and 854 nursing school students, from 9 Italian univer-
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